With the exception of a few members of the genus Lactobacillus and some strains of Bacillus, iron is required for all living organisms. It is the major trace metal in the body and an essential element, for the proper function of many proteins and enzymes. However, low molecular weight iron (sometimes called free-iron or labile iron) is potentially toxic to cells because of the easy inter-conversion between ferrous (Fe 2+ ) and ferric (Fe 3+ ) ions, and its tendency to be involved in oxygen redox chemistry. To overcome this problem, iron-dependent organisms, from Archaea to man, have developed a number of strategies and mechanisms to regulate its uptake and release, in order to prevent the formation of damaging free radical reactions. One of the major proteins involved in iron homeostasis is serum-transferrin. At neutral pH, serum iron-loaded transferrin binds with high affinity to the specific transferrin receptor (TfR) on the cell surface; the Tf/TfR complex is then internalized into an endosome, where iron is released at the acidic pH of ~ 5.6. The iron-free protein remains attached to its receptor in the acidic environment, until it is recycled to the cell surface, where it is released for another cycle of receptor-mediated endocytosis. The uptake and release of iron by transferrin, and the interaction of the iron-loaded transferrin with the transferrin receptor, are key cellular processes that occur during the normal course of iron metabolism. Understanding the thermodynamics of these interactions is important for iron homeostasis, since the physiological requirement of iron must be appropriately maintained, to avoid iron-related diseases. Despite decades of research and the development of a number of chemical, biochemical and biophysical techniques, the mechanism of iron release from each lobe of transferrin within the endosome, is still not fully understood. All in-vitro studies are at best speculative, and cannot be directly applied to describe the mechanism of iron release from cells, since the precise endosomal milieu is unknown.
In general, the specific recognition of ferric ions Fe 3+ (and not ferrous ions Fe 2+ ) requires the presence of the synergistic physiological anion (carbonate or bicarbonate), although other synergistic anions have been shown to bind as well [1] . While transferrin is abundant in the circulation (~ 40 µM or ~ 3 mg/ml), only about 30% is saturated with iron in normal human serum. The avid binding protects Fe(III) from hydrolysis at physiological pHand renders it unavailable for radical formation via Fenton reactions. The fact that only one third of the Tf molecules are saturated with iron, suggests that other metals can also bind and be transported. A number of metal ions (up to 40 different metal ions) have been shown to bind to transferrin [2] [3] [4] [5] [6] [7] [8] [9] [10] , in the presence of different synergistic anions such as bicarbonate, oxalate or nitrilotriacetate and include Mn(II), Cu(II), Ni(II), Cd(II), VO(II), Zn(II), Cr(III), Co(III), Ru(III), Bi(III), Ga(III), In(III), Al(III), Tl(III), La(III), Ce(III), UO2(II), Nd(III), Sm(III) and Gd(III). Some of these metal ions are toxic with perhaps no physiological significance or benefits. However, since hetero-metal transferrin complexes are still recognized by the transferrin receptor, such binding may play an important role in the transport and delivery of various metalcontaining compounds, for diagnosis and therapy. For instance, platinum complexes are used in cancer chemotherapy, gold compounds in the treatment of arthritis, gallium, indium and aluminum as medical diagnostic radioisotopes, and bismuth, ruthenium and titanium are used as anti-ulcer medication [11, 12] . Recent kinetic studies have suggested an important role for the transferrin receptor, in modulating the mobilization of iron from the Nand the C-lobes of transferrin [13, 14] . In support of this idea, an earlier investigation has reported a critical effect of the transferrin receptor on the redox properties of human transferrin, and the subsequent release of iron from the Tf/TfR complex [15] . However, other studies [16, 17] have shown that, at the pH of the endosome, the redox potential of the iron in holotransferrin bound to the transferrin receptor, is within the range of endosomal reductases, making the reduction of Fe(III) to Fe(II), a plausible scenario for Fe release from Tf. Towards this end, a number of laboratories have attempted to determine the reduction potential of iron in transferrin, under different experimental conditions and data manipulation, and have reported a range of values, anywhere from -140 mV to -530 mV [18] [19] [20] [21] [22] . Interestingly, more than two decades ago, a model for iron mobilization from transferrin has been proposed, to involve intravesicular acidification followed by Fe(III) reduction by a membrane oxidoreductase, and an Fe(II) transporter system for iron translocation [23] . Note that once inside the cell, the acidification of the endosome (down to pH ~ 5.6) weakens the affinity of iron to transferrin, leading to its release [2] . Thus, it is still unknown, what is responsible for iron removal from transferrin at the acidic pH of the endosome, and whether reduction of Fe(III)-bound transferrin occurs before, or after iron is released from the Tf/TfR complex, before it is transported out of the endocytic vesicle.
Interestingly, the affinity of Fe(II) to transferrin has not been determined, and isothermal titration calorimetry (ITC) is one excellent technique and a direct way to investigate the thermodynamics of this interaction. Ferrous ion is kinetically more labile than ferric ions, and the affinity of Tf for Fe(II) is estimated to be at least 17 to 18 orders of magnitude lower than that of Fe(III), consistent with a reductive release of iron from transferrin [18] . Preliminary ITC measurements from our laboratory of , in accordance with an earlier thermodynamic study based on zinc binding to transferrin and a linear free-energy relationship [24] . These Fe(II) affinity values are much higher than previous indirect estimates of 10 3 M -1 [25] and will profoundly influence the Fe 3+ or Fe 2+ redox potential of the iron loaded human serum transferrin, and consequently the possibility of iron release from transferrin via redox reactions. Therefore, a direct determination of the binding affinity of Fe(II) to Tf (in the presence and absence of the transferrin receptor) is of considerable importance, to better estimate the reduction potential
